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(S&) nvsmapyralyse. TMffll*Ftottti>f MlOGkstiiiflt, Aoetyten-, Atliyton*&ieiJ9ttno. WaMerstoff-nasmastraht. 
XoMtnmonoxia MailMfu Pyralyseoas 

(ST) DIa ErfindimQ batrffftalnan ftammafctorxiir PVfOlvsBhodwiakmr. Iwarttow, IwMsmmamiofflialtiBsr 
Piodukui mit dm lial ainar fBtlbnslleiiNiitziifSg der in ifiosen Stoff an andialtanan Kohlanstoiff- bam. 
Waasmtoffaubstaia nic Hafstottung ungesSttlBter Ci-Kohianwassaisioffa und KohtonnuMioxid bn 
Wasamioff •Plasmastrahl. Aus ainam tharmoslotiartan Vorralsbahftltar wardan miltala Kolbendrueks 
Taardl'Fesittoff-Raatoianda aus dar ICohta*Dnickvof gatung in dia Zumisohabona ainas Plaamaraaldors gadriipld und 
dart ttbartftnandar mahrara ddsanarliQa VaraAQunQdn in ain tiirbulantaa Waaaaratoflplasma aaltlteh tmd aanleracbt 
w StrdRHingsriclttiins dn nasmaa alnga^ritit Infolga Qaaioneier Wahl dar Einsprftzbadingungen kommt aa au 
ainam ZarraaSan das afn^aspritftan SufcistainalramM durah daa nacma, aur BBdung von Trfipffehan. Ihrar 
VaiwirbaKing.AurKalziingimdihremthOTiyttsdian Abba^ . 
au AoalyiaA, Atliylan und Madian anthaltandam lyoiyaa^ 
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tattnlmspnich: 

Ptasmaroaldor IQr die P^lyse von hoehvi8lRmn» tomrHgnn, tohienvraaserBtoffhaltigen PlxNftfkten. 
Insbasondere von Taerol-FestsloffrOekstfinden aus dar Kohla-Oniekvargasung, basiahend bu$ einem 
bahaizbaren Vorrat8bahaiter« einerauawachsalbafan ^umiachptatta aowie mil ain odar mahraren 
austauachbaren OQsenaina&tzen und einar antaprachenden Tamperatur-MaBtirtrichtung. einar 
Raakdonakammar und Gasquancheinrichtung»dadurch gakannzalctmat daft die hochvtstosani 
toerartigen, kohlenwasaeratoffhaltigen Ausgangaprodukte im VofratsbahSltar (2) auf 80 bis 130*C 
afwirmt und mittets einas bawaglicben Kolbans (10), vorzugswBl&a von uman nach oban, Qbar 
Verbindungsteitungan von hfidiatens 1 m LBnga bai tonstantarTamparaturindiaZumiadiplatte (5) 
das PtasniastFahl-Reaktors (4) gafdrdeit und dort Obar ain odar mahrare OQseneinsSue (6) bai DrOcken 
von max. IDat aankracht tur Strdmungarichtung das turbuiantan Piaamaatrahla zuganhrt und ain 
aaatylan-Sthylanhaitigaa Pyiolyaegaa und Kohlanmonoxid entatahan. 

Hiantu 1 Seite Zatdmung 



Anwandungsgiblsl dsr ElUnckmfl 

Oas AfiMmdimasaebiet der EilindtmB bfttrlfft dia PiasinaiTvrofysevon nossigen bxw. voiflQasiabaren KohlBfwvasseratoaen und 
von hobto wa si ewl DfgiaHlgan SUbitrateiv insbafionitera von TaaraMststofffQcktlBnilen aus dar KoM«4)rudcv«rgaBun8, lu 
vonugnwisu iiv««attklM lC«mieim 



In (ton laiaian Jahnahnten tind intBrnaUonal eins Raiha von VorrfchUingan lur ptasmaMiemisdien StofNiraAdhiiis mtw^ Jien 
undteehnischieaUsiaftvwordenp ifisaisAus0anasmdteriali3hnasi{ga.Utiimin5M,iteB^ 

0Bbal¥Hrd daa ZUl varlolgti plaamachamiscteSlonwandlunoen mh hohca- Ausbauts und mfigfiehst geririQdm EnaigioauKyand 
zu baualbaa wobei WegnBufsioMiQtvvttfiisavfiftmitBraunltt^ Extraktanaisainsatatorfoptasmadiafnisdie 
Stoffwmaungan durcluufuhiansind. bi dar Patanlschrili 00*159081 wird aina Vorrlchtung zur Umwandlui^ flusahier odar 
VQfOQssiQbmr KohlenslofarSQer ni vorzugsw)^ Aeatyton und AlhylMi angeseben. DaM wttrdr* -lie vnuuseUsnden 
Ausgangs-KohlanwBssarstoRB vaimbaltund als TrdpSdianwOBu mllftintm turhulamen Waisarstoif -FlasmaBtrahl vermitettt. In 
dar Sdifif t OD-218984 wird aina spesiafla VardOninBivorrifihtung sum Elnbf Ingan von ROasigkaitan m rohntnunttitolte 
Piasmasiramungen mil dam Zlal ainar mdgCeiist vaUstind^gen {dBsmachsmticlian UmBattuog dar flOs^gan 
AuagangaaUbttannn in ifiogawfdnschiM Zialpredulda benbrlaban. In der D&OS-2731 042 vdrd ain Uditbqganraalctor 
basctviaban. fai waldiam iCoWa von obandurah rottarandaDUcblbogan hlndufch^eii^>aspri«twinil. EbarrfaaBtnlt Hsr limseiiurig 
von Kahta^diafofngemahian ins Gomisdiniit Wauoreiofr tew. Moilian aiatragar einar aiaidibdMin fiogensntladitngxugaiahrt 
wfad»b0feMaididia8cliriftanOE-O84l28Oia;Ua4M 
inrivaiidaiialUMaauchimOMschmiiain^ 

VidDosttttoioarnQssiganKoMa-Suspanaion isai afdiaudi durdidiBZuoabB vonOMias in Gaatalt febiar Blaaan vor dar 
Bnfahnmg in ainen tlasm-ltarttor weltar haiabaemn und dia Oisparsion der Suspanalon brim airrtrin in dan RaalElor 
vMbassm{U&48aatae». 

Die bflkannianVarfichiungaAbaidifinlianatehaurdIsP 

rauigltatten (Ola. Kbhtalnhaltastgn^) odar auf Gamiteha aus beiden Komponantaa Oabei wird in den matstan Filian dem 
aialdrischan Uichtbbgan aiia cechnischen vnd tilstorischsn Grundcm gegenaber dom Pfasmastrahl dar Vorzug gagaban. M der 
ptosmediemisehan Umaiiung dar tCahia arfordern MaKfung aul KorngrSBen von einlgen kttindartstal Mittimalam und 
Treeknung ainan erliahten Aufwand. Zur Pymlysa der feingamdlileAdn FesUlaffa werden tetlweise Suapanstoflsn mit 
FKksslgkeben hergastalH towia ausiiiclich Kilisgasa f&r dia Einbfingungan in dan Plaamareakior aingeseizi. 



Ziri der &afidiing 

der Erfmdung ist ainc aufwondige Trocknung der Ausgangs^hlanwasseisloffc aowie ihre Mahlung auf geringe 
Kamgrdeen ai varmeiden und erne rm^umaHe stoRlieha ftuuuf^ der oiH dem KdMenstofftriger an den Resklor aingabiachteii 
Kohienaioir- und Wasserstoif substam unter Verzicht auf ZusStae von Dltperglarhnfsmlttelnr Ldsifngamiaaln biw. Wassar Oder 
anderan paeignaiaD Additiven aur iterabsalzung der Visiiositai zu arreidian. 



Dad afiung das Wasans der ErOndong 

Der Erfindung Uegtdia Aufg^azugninde,einen Plasmareaktor zur komplexen stofniclian Nutzung der Kohlenstoff^assersioff- 
aubetanzven Taerdl-Faststofrrddstindftn oiiedsrKohJe-OruekvergaMng, aiier audi vonXohtofiwaGeraioffen andererHa/kunft 
mit Shnlidian stofniclien Ei^nsciiaften zu anbMskaln. 

ErTindungsgemSB basteht dar nasmaraaktor aus etnem baheiibaran Vairatibehfiiier^ dar Qbar aina Varbindungiiailung von 
hdcbsians 1 m Unga niit einar auswadBatbaran Ziimischptatie verbunden isi, dia w^derura Basiandlail aincs Piasmaairahl- 
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Raakiort. baitthsnd tut f>laiirniinMi» Zluiiilseli^tM^ Reaklioinkammer uiul QatqMonehtflnilehuinai Ul. Oir Vtentttifthfllttr 

FrodulBMb «Uwm bi ^itMin angcaidfltltn ttnd in vtrtllalir Bkititang witclMbirtii KeSbmt und MlsprMhwid«n 
HaMnMtmgnn am AitOmmaatol det kyfindtbdi^n Aohm «lia C»Mr elno TttmpotttuN MtO- <iiid Roo d c tortc litiiao Mt 
konsiifitef TMiprnturgchttttm werden ISmen. Oat oMcho 9B1 1 VdiAbiirn VerbMunBilBhiiiis ivvMim Vetwiibahilbrttnd 
2^iCMBttB*0ls»titi««clist)b8m2uiTiisc^^ «riy<kidHsehmSdi<aM«iiiKJpfir,ind8fm 
l)urcNiB19r<^vtyti8lvdfiobinnichttnt«ntlr^^ 

turn kifiw t Oiochtea, dmnDurchmsuer uimiiUBftuur vor Ent'dwi cies Innmn Du rchlasstt dwcb ebitn tvtdauschtaaren 
rjsaaairjatr vemgitwM towtoalnarwolurM vadiitat Bolmmoiiir AufntenadnttrTemporaturebifichi 
emspie jhfifMlaii Zii« und Abl^tiin8«fi l&r KiUiMttiliitr AufrtchtsitialtiifHl ainer konstanM Vd/wirmUmpertlur dar 
hoeh^idoMttir Miartioiiwtolitei^^ 

Ote AusosfigsftDOhteiwasiMtoltowafdfln Im Vontislwbllter auff80 to iaD*C efwarmtund durch oimabf reinZaNintd^atriebe 
fiazMt fMetbm Btwngimo tkm Kcribens von untw nBch oboi Dbtf »lno VfttbindunQtletlung von hMistem 1 m Ungs und 
M fconctanttf Tottipofatur In dla Zitmtediplitta das PlatmntaM-Rcaklon goTMoft bnd doil Qber lin odar mthreitt 
OOsoMinoaiM b«i tIfiklftftbUinssL lOaifitnkf^ 

•8 mm ZeireiSttn das einoespftiiien Sukmanistromas dufcli das nasm8« air Bildung von T^dpfdian, Ihrar Verwirbdui^ 
AufhabutigimdihiemthefTnischenAbba^ titiindolniatylnilttiylenlu^^ • 

PyrolyaogasurdKohlanMneki^rgabtUalvvor^ 

AttsOhiiinBaMapW 



und VIofftUMiOiflrZM fiber abia fcim\MiladunBMtufvg3 mhdbiandargaln^ am 
AidtoiimaBtalrodtMiriwiBiiUwflaniawialiaa 

dtesam anoaordnaieQtind inveitikalar Riditimg v^^cMabbami Kotban 10. Dla Zumteehptatte B bastahtauil ^n«rxyti«idrischBn 
S^aB»a13aii9Ki^te«indaianZMitntm8idi«ii *cMafi)4f3rdanP1asmaatrahlbafMatabiarfadialeQBoh^ 
AuBenmafltd Wa film btnaran Oiirchtaa f4r darar. »Mrd)ma«ter unmittaAbar vor Erraiehan das innaranOiircMaaaas Mdufch 
aMian«uaiauGehbaren DtanrinubSverangtwSrd tcMR^tinarweUaianradtelen Bdhnjng wr Aulnalmeeb^ 
MaBeiiufehtung 7 imd amsptachandan ZiH and AUaitiMigan 1^ 

Der vom Flasmairon 1 aneugta Wass8fstofl*ftasniastrolil«tr6mf vardfcal von oben nach unten durch db BauainhaHen de$ 
PiasmosirahH)eal;!of84. CKe Auagangs-XoManwaaaaratofrc^ insbasondera hechviskosa Taardt-FaatatfllPRQckttSnda aus dar 
XoiiM>rusl(vof|yaaitii8» vyanlan im 

VflmlrmtampenbirmHlais Kolbandructe Qber did bine Verbi^^ 
Raakton 4 Qidfiid art and dart fiber den OOsBiainsatt 6 imtt^ 

turbutanien tasmastrahb darart jEugafONtr dad as2um ZtmHHen itea alnga^waateo Subsiansstromas durch daa Plasma, lui 
BUduag von Urdplchaa ihrar Veiwbbalung^ Aulheisung und ihram ihemiUthan Abbau mh ansehUalWindar ebemiadiar 
Uffltauuno kornmt und dn aeetylaii^mvlanhalUDM 

bi einem waheien Ausfiltirungsbeisptai wurdan Vtabmakfir-Rudtstanda der Erddtspabuhg; iifia bailWrumterepmbifen eiho 
honwoaneu sinipartlga Masae der ZusammansMzting 8SMa.-% Kohlenstoff* lOMa.*^ Wasaarrtoff und 5% Sand biw* $ehladca 
bfldan^ fan Vtofratabeliffittr 2auf ^90^C anM&m^t und etis diaaam mlttals Kotendnicks Obar drri glajdimfiBiB fiber dan Umlang 
des DQsenaiinalias 6 voitBite Bobnmoan von 1 mm Durchn aaaar ae^ 
(Uiencbungden RaalmvmlBsaemIe Pyicdyaagaa 

Hi -WVW^ 
C,H, -IWVdWfc 
CH* - UVd.'K 

CH4 — 1r1V0l.-% 
CO — MVoL-% 
Bdnadgo — UV^%. 

IMaae optfmalsn Pyrolyssbe^ngaftgan lasaan akh durch Konaiation dar naehaiahaitd aidigafDhrtaii Paramaler von EInaatttftaff 
ufid Plasnia und dan Dunddaft-Abmaaiunffan erreiehaff. 
Ptaamaparamalar und Oundda&iAbmeaBunBan: 

EmhalpiedeaWassefstoffplaamu 3liWh/m' 

miidareTemikaratur 3500 K 

Omek Itf'Pa 

WaaaefSlofM>ui€hsaU Sm^/hbetSllOK 

lictiteWaiiedeaDurehlass6s14 7*10**m 
ParamattrdarumaiatfaandanVisbioaker*RaclcaUnde: 

EimraisgasdivvmdiglEait Im/s 

DicbiebailZO*C SBOkg/m' 

Zumitchuno 2* iCm'/h 

fnhdararTr5plehof»€ucchmaaaar 20D|mi 

Gaaamt-VaiWBiiiaiilmPlasma 4-10'^s. 
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(55) Plasma pyrolysis, creosote solid residues, production of acetylene and ethylene, hydrogen plasma jet, 
carbon monoxide, methane, pyrolysis gas 

(57) The invention concerns a plasma reactor for pyrolysis of highly viscose, tarJike, hydrocarbon- 
containing products with the goal of a rational utilization of the carbon and hydrogen substance contained 
in these materials for production of unsaturated C2-hydrocarbons and carbon monoxide in the hydrogen 
plasma jet. From a thermostatically controlled reservoir, piston pressure forces creosote solid residues from 
pressurized coal gasification into the mixing level of a plasma reactor, where they are injected via one or 
more nozzlelike constrictions into a turbulent hydrogen plasma at the side of and perpendicular to the 
direction of flow of the plasma. Thanks to suitable choice of the injection conditions, the injected flow of 
substance is torn apart by the plasma, forming droplets, producing a vortex, heating and accomplishing a 
thermal breakdown with subsequent chemical conversion, especially into pyrolysis gas containing 
acetylene, ethylene and methane. 
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Patent claim: 

Plasma reactor for the pyrolysis of highly viscose, tarlike, hydrocarbon-containing 
products, especially creosote solid residues from pressurized coal gasification, consisting 
of a heatable reservoir, an interchangeable mixing plate, as well as a reaction chamber 
with one or more interchangeable nozzle inserts and a corresponding temperature 
measuring device and a gas quenching device, characterized in that the high viscose, 
tarlike, hydrocarbon-containing starting products are heated in the reservoir (2) to 80- 
130^C and delivered by means of a movable piston (10), preferably from bottom to top, 
via connection lines of at most one meter in length, at constant temperature, into the 
mixing plate (5) of the plasma jet reactor (4), where they are fed via one or more nozzle 
inserts (6) at pressures of maximum 10 atmospheres, perpendicularly to the direction of 
flow of the turbulent plasma jet, resulting in pyrolysis gas containing acetylene/ethylene 
and carbon monoxide. 

Plus 1 page of drawings 

Area of Application of the Invention 

The area of application of the invention concerns plasma pyrolysis of liquid and 
hquefiable hydrocarbons and hydrocarbon-containing substrates, in particular, creosote 
solid residues from pressurized coal gasification, preferably forming unsaturated 
hydrocarbons, especially acetylene and ethylene, in the hydrogen plasma jet. 

Characteristics of the known State of the Art 

In recent decades, a number of devices for plasma-chemical transformation of material 
have been developed internationally and implemented technically, using as their starting 
material viscose, bituminous, and also solid carbon carriers. The goal pursued is to 
produce plasma-chemical transformations of material at high yield and with lowest 
possible energy expense, pointing out ways of producing plasma-chemical material 
transformations with brown coal or extracts thereof as the input materials. In the patent 
DD- 159081, a device is indicated for transforming liquid or liquefiable carbon carriers 
into preferably acetylene and ethylene. The starting hydrocarbons being transformed are 
nebulized and mixed as a cloud of droplets with a turbulent hydrogen plasma jet. In 
document DD-2 18984, a special atomizing device is described for bringing liquids into 
pipe-jacketed plasma flows with the goal of accomplishing the most complete plasma- 
chemical transformation of the liquid starting substances into the desired target products. 
In DE-OS-2731042, an arc reactor is described, in which coal is fed in from above 
through rotating arcs. Likewise dealing with the transformation of coal, which is finely 
ground and fed in mixture with hydrogen or methane as the carrier to an electric arc 
discharge, are the documents DE-OS-3 128019, US-4358629; US-4378232 and GB- 
1089092. Pulverized coal can also be brought into an arc chamber in mixture with an oil 
or gaseous hydrocarbon (US*4010090), The viscosity of a liquid coal suspension can be 
further reduced before being brought into a plasma reactor by adding CO2 gas in the fonn 
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of fine bubbles, improving the dispersion of the suspension as it enters the reactor (US- 
4563196). 

The known devices are confined to the pyrolysis of solids (e.g., coal) or to the 
transformation of liquids (oils, coal components) or mixtures of both of these. In most 
instances, for technical and historical reasons one prefers an electric arc to a plasma jet. 
In plasma-chemical transformation of coal, the grinding down to sizes of several 
hundredths of millimeters and the drying necessitate an increased expense. Sometimes 
suspensions with liquids ane prepared for the pyrolysis of finely ground solids, and 
auxiliary gases are also used to bring them into the plasma reactor. 

Purpose of die Invention 

The purpose of the invention is to avoid a costly drying of the starting hydrocarbons, as 
well as a grinding of them to small grain sizes, and to accomplish the maximum 
utilization of the carbon and hydrogen substance brought into the reactor with the carbon 
carrier, without the use of additives such as dispersing agents, solvents or water, or other 
suitable additives for lowering the viscosity. 

Presentation of the Essence of the Invention 

The basic problem of the invention is to develop a plasma reactor for complex utilization 
of the carbon and hydrogen substance of creosote solid residues from pressurized coal 
gasification, as well as hydrocarbons of other origin with similar material properties. 
According to the invention, the plasma reactor consists of a beatable reservoir, which is 
connected via a connection line of no more than one meter length to an interchangeable 
mixing plate, which in tum is part of a plasma jet reactor, consisting of plasmatron, 
mixing plate, reaction chamber and gas quenching device. The reservoir consists of a 
cylindrical pipe to receive the highly viscose, tarlike, hydrocarbon-containing starting 
products, a piston arranged therein and able to move in vertical direction, and 
corresponding heating devices on the outer jacket of the cylindrical pipe, which can be 
maintained at constant temperature via a temperature measuring and regulating device. 
The same holds for the short connection line between reservoir and mixing plate. The 
interchangeable mixing plate consists of a cylindrical disk of copper, at the center of 
which is an opening for the plasma jet flowing vertically downward from above, a radial 
borehole from the outer jacket to the inner opening, whose diameter immediately before 
reaching the inner opening is narrowed by an interchangeable nozzle insert, and another 
radial borehole to accommodate a temperature device and corresponding inlet and drain 
lines for cooling agent to maintain a constant preheating temperature for the highly 
viscose, tarlike, hydrocarbon-containing products. 

The starting hydrocarbons are heated to 80 to 130°C in the reservoir and delivered by a 
movement of the piston from bottom to top, controlled by a gear mechanism, across a 
connection Hne of no more than one meter length and maintained at constant temperature 
to the mixing plate of the plasma jet reactor, where they are fed by one or more nozzle 
inserts at pressures of maximum 10 atmospheres perpendicular to the direction of flow of 
the turbulent plasma jet so that the injected substance stream is torn apart by the plasma, 
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forming droplets, which are swirled, heated, and broken down thermally with subsequent 
chemical transformation, forming a pyrolysis gas which contains acetylene/ethylene and 
carbon monoxide. 



Sample embodiment 

The corresponding drawing schematically shows the device of the invention. The plasma 
jet reactor 4 consists of plasmatron 1, mixing plate 5, reaction chamber 8, gas quenching 
device 9 and reservoir 2. The mixing plate 5 and reservoir 2 are joined together by a short 
connection line 3. Both elements are provided with heating devices 12 on the outer 
jacket. The reservoir 2 consists of a cylindrical pipe 1 1 and a piston 10 arranged therein 
and able to move in vertical direction. The mixing plate 5 consists of a cylindrical disk 13 
of copper, at the cent&r of which there is an opening 14 for the plasma jet, a radial 
borehole 15 from the outer jacket to the inner opening 14, whose diameter immediately 
before reaching the inner opening 14 is narrowed by an interchangeable nozzle insert 6, 
and another radial borehole to accommodate a temperature measuring device 7 and 
corresponding inlet and drain lines 16, 17 for heat transfer agent. 
The hydrogen plasma jet produced by the plasmatron 1 flows vertically from top to 
bottom through the structural elements of the plasma jet reactor 4, The starting 
hydrocarbons, especially highly viscose creosote solids residues from pressurized coal 
gasification, are heated to 90°C in the reservoir 2 and delivered from this under 
constantly maintained preheating temperature by piston pressure across the short 
connection line 3 into the mixing plate 5 of the plasma jet reactor 4 and fed there via the 
nozzle insert 6 under high pressure (< 10 at.) perpendicular to the direction of flow of the 
turbulent plasma jet, so that the injected substance stream is torn apart by the plasma, 
forming ckoplets, which are swirled and heated and broken down thermally with 
subsequent chemical transformation, forming a pyrolysis gas containing 
acetylene/ethylene and carbon monoxide. 

In another sample embodiment, Visbreaker residues from petroleum cracking, which at 
room temperature form a homogeneous, syruplike mass with composition of 85 m,% 
carbon, 10 m.% hydrogen and 5% sand or slag, were heated in the reservoir 2 to 130°C 
and fed from this by piston pressure via three boreholes of 1 mm diameter, distributed 
evenly about the circumference of the nozzle insert 6, perpendicular to the plasma flow. 
The pyrolysis gas leaving the reactor after quenching had the following composition: 

H2 - 82.9 vol. % 
C2H2 - 11.4 vol. % 
CH4- 2.5 vol % 
C2H4 ~ 1.1 vol. % 
CO - 0.6 vol. % 
other- 1.5 vol. % 

These optimal pyrolysis conditions can be achieved by correlating the following listed 
parameters of input substance and plasma and the dimensions of the opening. 
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Plasma parameters and dimensions of the opening: 

Enthalpy of the hydrogen plasma 3 kWh/m 

mean temperature 3500 K 
Pressure 10^' Pa 

Water flow rate 3 m^/h at 300 K 

clearance of the opening 14 7-10'^ m 
Parameters of the Visbreaker residue being converted: 
Entry velocity 1 m/s 

Density at 120°C 950 kg/m^ 

Mixing rate 210"^m^/h 

mean droplet diameter 200 /xm 

Total dwell time in plasma 4- 10"^ s 
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Key: 

Wasserstoff = hydrogen 
Kiihlwasser = cooling water 

Quenchgas = quench gas 
Pyrolysegas = pyrolysis gas 



6 



